Abstract Eddy current testing is widely used for inspecting steam generator tubing in nuclear power plants (NPPs). The inspection technique for steam generator tubing in NPPs should be qualified in accordance with examination guidelines. When the components of a qualified system such as eddy current tester, probe, and data analysis program, are changed, the equivalency of the modified system to the originally qualified system must be verified. The eddy current tester is the most important part of an eddy current testing system because it excites and transmits alternating currents to the probe, receives coil impedance of the probe and generates signals for anomalies. The Korea Hydro & Nuclear Power Co., Ltd. (KHNP) developed an eddy current testing system with an eddy current tester and data acquisition-analysis program for inspecting the steam generator tubing in NPPs; this system can be used for an array probe and as a bobbin and rotating probes. The equivalency assessment for the currently developed system was carried out, and we describe the results in this paper.
Introduction
Utilities should use the qualified techniques when performing eddy current tests (ECT) for the inspection of steam generator tubing. The qualified techniques are listed on the performance demonstration database in the form of examination technique specification sheet (ETSS) in the Electric Power Research Institute (EPRI) documents, and their requirements are described in the EPRI steam generator(SG) examination guidelines [1] . The EPRI SG examination guidelines require that each ETSS define essential variables for equipment, technique, and data analysis such as eddy current tester, probe, cable, tube material, acquisition and analysis program, calibration standard, sampling rate, and analysis procedure, etc. Examination techniques with essential variables that vary within the ranges specified in the ETSS are considered equivalent. The KHNP developed an eddy current testing system for the inspection of SG tubes. This system includes eddy current tester, probe push-puller control system, and data acquisition-analysis program. The eddy current tester is composed of synthesizer, analog processor, and analog-to-digital conversion board. It excites alternating currents, senses coil impedance variation of the probe and produces the eddy current signal. The probe push-puller system is used to move the bobbin, rotating, and array probes for the data acquisition. The acquired data are analyzed by the qualified data analysts using data analysis program in order to identify whether a tube includes flaws [2] . The currently developed data acquisition-analysis programs are based on the Windows operating system, while the previously used programs are on the Unix-based. The equivalency assessment for the currently developed system was carried out and the results were explained in depth in this paper.
Equivalency Requirements

ECT System Developed by KHNP
There have been some degradation mechanisms on SG tube walls in the nuclear power plant such as pitting, wear, impingement, and stress corrosion cracking, etc. [2] . For the detection of flaws on tube walls, the eddy current testing is used because it offers a relatively low cost approach for high speed, large scale testing of metallic materials in high pressure and temperature engineering systems.
The ZETEC eddy current testing systems [3] like MIZ-70, which were qualified in the EPRI ETSS, have been widely used in many countries including Korea, Japan and the U.S. The KHNP developed an eddy current testing system for the inspection of SG tubes. This system is composed of not only hardware such as fixture controller, eddy current tester and probe push-puller control system as shown in Fig. 1 , but also software for data acquisition and analysis.
The remote fixture is installed in the SG chamber for positioning of the probe. The fixture controller makes the probe locate correctly and accurately on the spot of the tube end which is to be inspected based on the test plan. The eddy current tester comprises a central processing unit, a frequency synthesizer, an analog processor, and an analog to digital converter. It performs all testing functions including wide-range frequency generation, in-phase, and quadrature signal digitization. 
Equivalency Requirements for Examination
Assessment Results
The equivalency assessments for the currently developed eddy current testing system (the KHNP system) were performed. The qualified EPRI ETSS 96007.1 for the bobbin probe technique and the ETSS 21410.1 for the rotating probe technique were chosen for the assessments, which have been used in the field inspection of SG tubes in many countries [4] . In this study, the upgraded version MIZ-70 of the MIZ-18 in the qualified ETSS and the KHNP eddy current tester were used for the equivalency assessment.
The same essential variables including the probe were used in the assessment except eddy current tester and data acquisition and analysis programs. at non-dented drilled tube support plates [4] . 
where J(x) is the eddy current density at location x inside the conducting tube wall and J0 is the magnitude of the eddy current density on the surface of the tube wall closest to the probe coil. The eddy current skin depth of penetration δ is expressed by Eq.(2) as follows:
where f is the operating frequency, ρ is the electrical resistivity of the material and μ is the magnetic permeability of the material.
The bobbin probe and the ASME calibration standard used in the assessment are shown in Table 2 and Fig. 6 to Fig. 11 . In Table 2 , P_P uses the peak-to-peak value to calculate both the volts and phase measurement [2] . MxR measures the maximum rate of change for the phase value of small set of vector points in signal [2] . Diff.
Mix denotes differential mix of two signals.
There are two modes in eddy current testing, absolute and differential mode. An absolute coil As shown in Table 2 
Rotating Probe Technique
The ETSS 21410.1 used in the assessment for the rotating probe technique has been applied for the detection of circumferential ODSCC at transition region of tubesheet [4] . Table 3 shows the comparison for the essential variables of the ETSS 21410.1 and the KHNP system. The rotating probe and the EDM notch calibration standard used in the assessment are shown in Fig. 12 .
The results of the equivalency assessment for the rotating probe technique are shown in Table  4 and Fig. 13 to Fig. 22 . In Table 4 , SAI stands for single axial indication and SCI denotes single circumferential indication.
As shown in Table 4 and Fig. 13 
Conclusions
The KHNP developed an eddy current testing system including eddy current tester and data acquisition-analysis programs. The equivalency assessments for the KHNP system were carried out in accordance with the EPRI examination guidelines [1] and the equivalency project documents [4] . 
